Objective: To describe the outcomes of functionally dependent patients who undergo major general or vascular surgery and to determine the relationship between functional health status and early postoperative outcomes. Background: In contrast to frailty, functional health status is a relatively easy entity to define and to measure and therefore may be a more practical variable to assess in patients who are being considered for major surgery. To date, few studies have assessed the impact of functional health status on surgical outcomes. Methods: Patients undergoing 1 of 10 complex general or vascular operations were extracted from the 2005 to 2010 America College of Surgeons National Surgical Quality Improvement Program database. Propensity score techniques were used to match patients with and without preoperative functional dependency on known patient-and procedure-related factors. The postoperative outcomes of this matched cohort were then compared. Results: A total of 10,246 functionally dependent surgical patients were included for analysis. These patients were more acutely and chronically ill than functionally independent patients, and they had higher rates of mortality and morbidity for each of the 10 procedures analyzed. Propensity-matching techniques resulted in the creation of a cohort of functionally independent and dependent patients who were well matched for known patient-and procedurerelated variables. Dependent patients from the matched cohort had a 1.75-fold greater odds of postoperative death (95% confidence interval: 1.54-1.98, P < 0.0001) than functionally independent patients. Conclusions: Preoperative functional dependency is an independent risk factor for mortality after major operation. Functional health status should be routinely assessed in patients who are being considered for complex surgery.
A lthough frailty is a known determinant of postoperative outcomes in elderly surgical patients, its use as a basis for preoperative risk stratification has important practical limitations. [1] [2] [3] [4] [5] [6] [7] [8] [9] Of primary concern is the current lack of a standard operational definition for frailty, and the absence of a universally accepted way to measure its severity. 10 The term "frailty," which is generally acknowledged to represent a multifactorial loss of physiologic and cognitive reserves resulting in increased susceptibility to adverse health outcomes, can be defined in either a rules-based context (in which a person is identified as frail if he/she exhibits at least 3-5 possible associated symptoms) or in an aggregate deficit-based context (in which frailty severity is measured by the number of accumulated deficits that they exhibit).
Such ambiguity has predictably led to the development of a variety of outcome instruments for measuring frailty, most of which have been shown to possess construct validity but none of which have proven superiority. 12 The American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) and the American Geriatric Society currently recommend that geriatric patients in whom major elective surgery is being contemplated be assigned a baseline frailty score using a rules-based measurement tool. 13 While this type of scoring system relies on the assessment of only 5 characteristics of frailty (weight loss, exhaustion, low energy expenditure, slowness, and weakness) and is therefore somewhat easier to implement in the setting of a busy clinical practice, its precision in predicting adverse outcomes is much lower than aggregate deficit-based measurement tools. 11 In contrast to frailty, functional disability (or dependent functional health status) is a relatively easy entity to define and measure. Generally agreed to connote "difficulty or dependency in carrying out activities essential to independent living," functional dependency can be viewed as an advanced symptom of frailty. 14, 15 Although several objective measures have been developed to test a patient's ability for self-care (activities of daily living) or engagement in basic household tasks (instrumental activities of daily living), more subjective assessment of functional health status through either patient self-report or clinician judgment has also proven highly predictive both of the presence of patient frailty and of the adverse outcomes that are typically associated with frailty. 15, 19, 20 Because functional health status is easier to assess than frailty, surgeons may therefore view it as a much more practical variable to use when counseling elderly patients about the risks associated with major surgery. 20 Although functional health status has been shown to contribute to the ability of statistical models to predict hospital-level surgical morbidity, little is known about the actual outcomes experienced by functionally dependent surgical patients. [21] [22] [23] [24] The objective of our study was therefore to describe these outcomes in a large cohort of patients undergoing one of several complex elective general or vascular surgical procedures, and to quantify the degree to which functional dependency may impact the rates of postoperative morbidity and mortality.
METHODS
The 2005 to 2010 ACS-NSQIP participant user files were used for this analysis. Patients were included from analysis if they underwent one of the following elective procedures (as identified by the primary Current Procedure Terminology code associated with the patient's index operation): endovascular abdominal aortic aneurysm (AAA) repair, open AAA repair, infrainguinal bypass graft, carotid endarterectomy, esophagectomy, gastrectomy, pancreaticoduodenectomy, hepatectomy, open colorectal resection, or laparoscopic colorectal resection. Patients were excluded for analysis if their index operation was classified as emergency, if they underwent prior operation within the 30 days preceding their index procedure, if they were pregnant, or if they had missing data for any of the variables included for risk adjustment (excepting preoperative serum albumin level, which was assumed to be normal for patients in whom this information was missing).
The primary predictor variable for our analysis was preoperative functional health status, which is recorded as a trichotomous variable within the ACS-NSQIP database and is currently the only variable contained within that data source which might serve as a marker of a patient's ability to engage in instrumental or other activities of daily living. According to the definition used by ACS-NSQIP, a patient's functional status is classified as "independent" if they do not require assistance from another person for any activities of daily living, "partially dependent" if the patient requires some assistance from another person for activities of daily living (including patients who utilize prosthetics, equipment, or devices but still requires some assistance from another person), or "totally dependent" if the patient requires total assistance for all activities of daily living. 25 This information is prospectively obtained for the database by an ACS-trained on-site clinical reviewer and is based on the patient's functional status at the time they are being considered as a candidate for surgery (which is no longer than 30 days before surgery). In the current analysis, patients were classified as being functionally "Independent" (if their functional health status was documented to be independent) or "Dependent" if their functional health status was documented to be partially or totally dependent.
The outcome variables for our analysis included 30-day postoperative mortality, 30-day postoperative major morbidity, failure-torescue rate (defined as the mortality rate of those patients who experienced 1 or more major complication), 30-day postoperative minor morbidity, and 30-day reoperation rate. Patients were considered a priori to have suffered major morbidity if they sustained 1 or more of the following complications postoperatively: organ/space surgical site infection, wound dehiscence, pneumonia, unplanned reintubation, prolonged postoperative mechanical ventilation (>48 hours), pulmonary embolism, progressive renal insufficiency, acute renal failure requiring dialysis, coma, stroke, myocardial infarction, cardiac arrest, graft/prosthetic failure, major bleeding (defined as transfusion requirement of 5 or more units of packed red blood cells in the first 72 hours after operation), sepsis, and/or septic shock. Patients were considered to have suffered minor morbidity if they sustained 1 or more of the following complications postoperatively: superficial incisional surgical site infection, deep incisional surgical site infection, urinary tract infection, and/or deep venous thrombosis.
Patient-and procedure-related variables other than preoperative functional health status that were included for analysis included patient age, sex, body mass index, preoperative do-not-resuscitate (DNR) status, presence of preoperative malnutrition (composite variable), acute preoperative cognitive dysfunction (composite variable), presence of known malignancy (composite variable), preoperative physical immobility (composite variable), number of acute comorbid diagnoses (composite variable), number of chronic comorbid diagnoses (composite variable), American Society of Anesthesiologists (ASA) physical status classification (Class 1/2 vs 3 vs 4/5), operative time, total work related value units associated with index operation, need for intraoperative transfusion, and intraoperative surgical trainee participation. The individual components for each of the aforementioned composite variables are listed in Table 1 .
Patient-and procedure-related characteristics and 30-day postoperative outcomes Independent versus Dependent patients were compared using Pearson's χ 2 tests for categorical variables and Wilcoxon rank sum tests for continuous variables. Propensitymatching techniques were then used to create a cohort of Independent patients who were matched as closely as possible to those patients from our study sample who were classified as Dependent. Specifically, a nonparsimonious multivariate logistic regression model was then created to determine predictors of a patient's being classified as Dependent before major surgery, with all of the previously listed preoperative and intraoperative variables being used as potential predictor variables in this model to adjust as much as possible for patient condition and procedure difficulty. A propensity score for classification as Dependent ranging from 0 to 1 was then calculated for each patient using the logit coefficients derived from the logistic regression model. These propensity scores were then used to create 2 evenly matched groups based on preoperative functional health status using a caliper matching algorithm with a caliper distance of 0.005, and with controls being used only once in the matching.
Comparison of the preoperative and intraoperative characteristics and postoperative outcomes of the matched cohort of patients was then performed using Wilcoxon signed rank tests for continuous variables, McNemar's χ 2 tests for 2-level categorical variables, and univariate conditional logistic regression for multilevel categorical variables. All statistical analyses were performed using Stata Version 11.0 (College Station, TX).
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RESULTS
A total of 174,143 patients undergoing complex general or vascular surgery were included for analysis (163,897 Independent and 10,246 Dependent). The preoperative and intraoperative characteristics of these patients, stratified by preoperative functional health status, are shown in Table 2 . Patients classified as Dependent were older than patients who were classified as being Independent, and they were notably more likely to exhibit evidence of malnutrition or to have some limitation in physical mobility. Dependent patients were also more likely than Independent patients to carry 1 or more acute and/or chronic comorbid diagnoses, and to receive a high ASA physical status classification. There did not seem to be clinically relevant differences in operative time or complexity (as measured by total work relative value units) between Dependent and Independent patients, although Dependent patients were more likely than Independent patients to require intraoperative blood transfusion. Table 3 demonstrates procedure-specific postoperative outcome rates for Independent and Dependent patients. Significant univariate differences in 30-day postoperative mortality and major morbidity between the 2 groups were demonstrable for all 10 of the procedures included for analysis. Among those patients who were classified as Dependent, postoperative mortality rates ranged from 3.3% (for patients undergoing carotid endarterectomy) to 13.7% (for patients undergoing open AAA repair). Postoperative major morbidity rates for this group ranged from 12.0% (carotid endarterectomy) to 64.1% (esophagectomy).
Our propensity-matching algorithm resulted in a cohort of 9782 Independent and 9782 Dependent patients, the characteristics of whom are shown in Table 4 . The Independent and Dependent patients in this cohort were in general well-matched for most characteristics, although statistically significant differences between the 2 groups in body mass index, preoperative DNR status, ASA physical status classification, and incidence of acute preoperative cognitive dysfunction did persist. Figure 1 demonstrates the independent impact of preoperative functional health status on early postoperative outcomes in our propensity-matched cohort, with Dependent patients having a significantly higher incidence of 30-day postoperative mortality, morbidity, failure-to-rescue, and reoperation than Independent patients. A total of 464 Dependent patients from the overall study sample could not be successfully matched to Independent patients via the algorithm used for our analysis. Compared with those Dependent patients who were included in the matched cohort, the patients who could not be matched were generally more acutely and chronically ill and had a higher incidence of postoperative death and major morbidity (data not shown).
DISCUSSION
In this analysis of patients in the ACS-NSQIP who underwent major general or vascular surgery, we compared the preoperative characteristics of 10,246 functionally dependent patients with those of 163,897 functionally independent patients. The dependent patients in our overall study sample had a higher incidence of comorbid disease and were more likely than independent patients to exhibit signs of frailty (such as malnutrition and cognitive dysfunction), a finding which serves to emphasize the interconnectivity of comorbidity, frailty, and functional dependency. 14 In an attempt to adjust for the markedly different preoperative profiles of these 2 groups, we next used propensity-matching techniques to create a smaller cohort of functionally dependent and independent patients who were reasonably comparable in their incidence of comorbid disease and other patient-and procedure-related factors. Comparing the adjusted 30-day postoperative outcomes of this matched cohort, we found that functionally dependent patients experienced a 75% greater odds of mortality and 51% greater odds of major morbidity than functionally independent patients. These findings suggest that preoperative functional dependency is an independent predictor of adverse outcomes after major general and vascular surgery.
Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. With its inclusion of more than 10,000 functionally disabled surgical patients and 10 complex surgical operations, our analysis represents the largest and most comprehensive effort to date to investigate the association between preoperative functional health status and surgical outcomes. Our results confirm the findings of several smaller studies which have shown that functional health status provides a unique contribution to surgical risk, and that patients with preoperative functional dependency are more likely to suffer postoperative morbidity or mortality than functionally independent patients. 2, 9, [21] [22] [23] [24] Although the specific pathophysiologic mechanism underlying the relationship between functional health and surgical outcomes has not been elucidated, it is reasonable to assume that functional health status provides information about how a patient's age and comorbid disease burden might ultimately combine to impact that particular patient's ability to care for themselves. 21, 26 A concerted effort should therefore be made by surgeons to evaluate the degree of functional dependency in patients in whom major surgery is being contemplated, because the presence of such dependency may alter a patient's anticipated postoperative outcome beyond what can be predicted simply by an assessment of the dichotomous presence or absence of specific comorbid diseases. Although a similar argument can be made regarding the importance of evaluating a potential surgical candidate's degree of frailty, the absence of a simple tool for measuring this attribute limits its practical utility as tool for preoperative risk assessment. Until further consensus can be reached on how best to measure frailty in a busy clinical setting, functional health status should therefore be considered a reasonable alternative for determining how a patient's individual constellation of comorbid diseases and other physiologic parameters affect their functional quality of life and their marginal risk of adverse outcomes after major surgery.
Routine preoperative assessment of functional health status in patients undergoing evaluation for major elective operation has several potential benefits. First, it is possible that functional health can be modified in the preoperative period. There is some evidence from the geriatric literature that home-based physical therapy programs can successfully halt the progression of functional decline in frail patients. [27] [28] [29] Whether similar programs might reduce the degree of functional dependency in patients who are scheduled to undergo complex surgery, and thereby mitigate the adverse impact of such disability on postoperative outcomes, is currently unknown. The findings of our study suggest that further investigation of preoperative prehabilitation for functionally dependent surgical patients is warranted. Second, knowledge of the presence and extent of functional dependency before operation will permit patient resource managers to prospectively identify those patients who are most likely to require supplemental nursing care upon hospital discharge, either in the form of home health care or short-term skilled nursing facility placement. Proactive attention to potential postdischarge care needs will help to avoid the financial costs associated with delays in hospital discharge that are incurred when such needs aren't adequately anticipated. Finally, surgeons will be able to provide functionally dependent patients with a clearer understanding of the risks associated with major operation. Unlike most other studies that have examined the association between functional health status or frailty and surgical outcomes, our analysis provides procedure-specific 30-day mortality rates for a large sample of functionally dependent patients who have undergone 1 of 10 complex general or vascular operations. This information can be used by surgeons to improve the informed nature of consent that they obtain from their prospective patients and can help the patients themselves to determine whether the anticipated outcomes associated with major operation align with their overall treatment goals.
Our study has several important limitations. First, the Independent and Dependent patients in our propensity-matched cohort were Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. not perfectly matched for several factors, including body mass index, incidence of preoperative cognitive dysfunction, and ASA physical status classification. To account for these differences, we included those factors as predictor variables in the conditional logistic regression models that were used to determine the association between preoperative functional health status and postoperative outcomes. Second, we did not stratify patients on the basis of their extent of functional dependency (ie, partially vs totally dependent on others for completion of activities of daily living). Therefore, we are only able to associate the presence of functional dependency (and not the degree) with increased postoperative morbidity and mortality. Third, the multivariate regression model that we used to create a matched cohort of Independent and Dependent surgical patients included only a few variables that are frequently associated with patient frailty. Although we are therefore not able to state that the effect of functional health on surgical outcomes is entirely independent of any coexisting effect of frailty, disability, and frailty are generally accepted by geriatric researchers to represent 2 distinct clinical entities.
14 Fourth, although frailty and functional health are generally discussed in the literature specifically within the context of the geriatric patient assessment, we did not exclude nonelderly patients from our analysis. We are therefore not able to draw conclusions about the relative impact of functional of functional dependence on elderly versus nonelderly surgical patients. Finally, although our propensity-matching algorithm did result in the creation of a cohort of Independent and Dependent patients who were generally well-matched for known patient-and procedurerelated variables, significant differences between the 2 groups of this cohort did exist which might confound the association between functional health status and postoperative outcomes that we report.
Despite these limitations, our analysis of patients undergoing 10 different complex general and vascular surgical procedures shows a clear association between preoperative functional health status and postoperative outcomes. Given its unique contribution in determining operative risk, and the relative ease with which it can be measured, functional dependency should be routinely assessed in patients who are being considered for complex surgery. In addition, it is hoped that the procedure-specific outcomes that are described in our study can be used by both surgeons and functionally dependent patients to improve their understanding of the anticipated outcomes associated with major surgery.
